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Department of Dermatology, University of N orth Caroll:na School of Medicine, Chapel I-f ill, North Carolina, U.S.A . 
Human k eratinocytes grown in medium containing 
reduced calcium concentrations (0.07 mM) have been 
found to show altered morphology and decreased differ-
entiation in comparison with cells grown in medium 
with physiologic calcium concentrations (1-2 mM). 
Since such alterations could be mediated by growth 
factors , we measured binding of [125l]epidermal growth 
factor (EGF). Neonatal keratinocytes were subcultured 
without feeder layers and grown to confluence in 1.1 
mM calcium. Medium was changed and cells incubated 
for various periods in reduced calcium prior to binding 
assays. Scatchard plots of binding data showed a 5-fold 
increase in receptor number with no change in affinity 
(3 x 10-9 M) after 4-24 h at 37°C. Maximal binding 
occurred at 0.02-0.04 mM calcium and decreased 
sharply with increasing calcium concentrations. The 
increase could be prevented by calcium added soon after 
binding began to increase but was altered less after 
substantial elevation had occurred, although morpho-
logic changes at reduced calcium concentrations were 
reversed within several hours. Substantial increases in 
binding of [125l]somatomedin C and [1 2 5l]concanavalin A 
were detected, but binding of [i 2 5 l]pindalol, a beta-re-
ceptor ligand, was changed little. Keratinocytes at re-
duced calcium concentrations responded to added EGF 
by decreasing surface EGF receptors briskly in a time-
and temperature-dependent fashion. The data suggest 
that keratinocytes show enhanced binding of EGF and 
some other cell surface ligands under conditions in 
which differentiation is retarded. 
The ext racellular concentration of calcium ion has been 
shown to be a regulator of differentiat ion in cultured human 
[1] and mouse (2] keratinocytes. In medium containing reduced 
calcium concentrations, the cells fail to make desmosomes and 
stratify [2], and differentiation is retarded [3,4]. Since signals 
result ing in different iation of keratinocytes may be init iated at 
t he cell membrane, and since epidermal growth factor (EGF) 
may retard diffe rent iation [ 5,6], we speculated that such 
changes might be mediated through receptors for a growth 
factor such as EGF. This was supported by evidence indicating 
that when keratinocytes different iate, they lose the ability to 
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Abbreviations: 
BSA: bovine serum albumin 
DME: Dulbecco-Vogt modified Eagle's (medium ) 
EGF: epidermal growth factor 
EGTA: ethyleneglycol-bis-(beta-amino-ethyl ether)-N,N ' -tetra-
acetic acid 
HBSS: Hanks' balanced salt solut ion 
Hepes: N-2-hydroxyethylpiperazine-N ' -2-ethanesulfonic acid 
JME: J oklik 's modification of Eagle's minimal essential (medium) 
Ko: dissociation constant 
bind EGF (7]. First, a stratified layer with a high proport ion of 
diffe rent iated keratinocytes containing many cross-linked en-
velopes bound no more EGF than a less stratified monolayer 
with few envelopes. Second, desquamated te rminally differen-
tiated cells could not bind signi fica nt quant it ies of EGF. T hese 
findings raised the possibility t hat loss of EGF binding at t he 
membrane may t rigger int racellular changes associated wit h 
di fferent iation such as increased keratin, involucrin , or t rans-
glutaminase synthesis. We now report that at reduced calcium 
concent rations, which retard di fferent iation, keratinocytes 
show substant ia lly enhanced binding of EGF, furt her support-
ing a relationship between the surface display of EGF receptors 
and the state of differentiation in keratinocytes. These studies 
indicate t hat when keratinocytes are switched from physiologic 
to reduced calcium concent rations, exposure of the EGF recep-
to r on the ce ll surface can be prevented by added calcium only 
during a limited period, after which addit ion of calcium is less 
effective in reducing EGF binding. 
MATERIALS AND METHODS 
M aterials 
Cell cul ture media, Hanks' buffe red salt solut ion (HBSS), and feta l 
bovine serum were from GIBCO (Grand Isla nd, New York) . Linbro 24-
well t rays and other t issue cul ture ware were from Flow Laborato ries 
(McLean, Virginia) . [125I]Nal (carrier-free) and [35S]methionine (600 
Ci/ mmol) were from Amersham (Arlington Heights, Illinois) . Chelex 
100 was from Bio-Rad (Rockville Cent re, New York). Aquasol-2 was 
from New Engla nd Nuclear (Boston, Massac husetts) . Bovine serum 
albumin (BSA), and N-2- hydroxyethylpiperazine-N' -2-ethanesulfonic 
ac id (Hepes) were from Sigma (St. Louis, Missouri). Chemicals were 
from Fisher Scient ific (Pi ttsbu rgh, Pennsylvania). [125I]somatomedin 
C was a gift from Dr. J . J. Van Wyk, and [125l]pindalol was provided 
by Dr. J . Perkins. 
Cell Culture 
Primary cul tures of human keratinocytes were established from 
fo reskins of newborns according to Rheinwald and Green [8] usin g 
Dulbecco-Vogt modified Eagle's (DME) medium containing 5% fetal 
bovine serum wit h mitomycin C-treated Swiss 3T 3 cells as described 
[7] and subcultured a fter 3T 3 cells were removed with 0.02 % EDTA in 
Dulbecco's phosphate-buffe red saline without added calcium. Con-
fluent subcultures were plated wit hout a feeder layer in Linbro 24-well 
t rays in a medium of equal par ts DME medium conta ining 5 % fetal 
bovine serum (and condit ioned fo r 24 h by subconfluent Swiss 3T3 
cells) and Ham's F-1 2 medium wi t h supplementa l insulin (5 pg/ ml), 
hydrocort isone (0.4 pg/ ml), t ra nsferrin (1 0 pg/ ml), and cholera tox in 
(10 ng/ ml ). EG F (10 ng/ml) was added 2 days after cells were plated 
and replaced unt il the experiment was begun except as noted. Calcium 
concent ration by atomic absorpt ion spectrophotometry [9] was 1.1 mM . 
Cells were allowed to reach confluence (4- 6 x 105 cells per well ) a nd 
t he medium was then cha nged according to fi gure legends. To lower 
calcium concent ration of serum or medjum , batchwise ext raction was 
performed with Chelex 100 according to Brennan et a! [10]. J oklik's 
modi ficat ion of Eagle's medium (JME), lacking added calcium and 
conta in ing phosphate buffe r, was used to lower calcium concent ration 
of medium . 
Binding Assays 
EGF was purified from adult male mice according to Savage and 
Co hen [11] and iodinated by t he method of Hunte r and Greenwood 
[12] as described [7] to a specific activity of 1- 2 Ci/ pmol. In a standard 
binding assay, cells in 24-well t rays were washed twice wit h 1 ml and 
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then incubated with 0.4 ml of medium composed of HBSS with 0.1 % 
BSA and 20 mM Hepes (binding medium). [125l]EGF (3-4 x 105 cpm) 
was added for 4 h at 4•c a nd the assay was terminated by the washing 
of monolayers 3 t imes with 1.5 ml binding medium, solubilization of 
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FIG 1. Time course of a lte ration of [ '"5I]EGF binding after reduction 
of calcium concentrations. A, Cells subcultured in a 24-well tray without 
feeder layers were changed to medium lacking EGF 48 h prior to 
beginning of the experiment, 6 days afte r subculture, 2 days after 
confluence. To initiate the experiment, cells were placed in JME-0.1 % 
BSA with or without 0.4 mM CaCl2 (final concentration) at various 
times and assayed as in the standard binding assay in Materials and 
Methods except that conditions for binding were 37•c for 40 min. B, 
Cells were subcultured and changed to medium lacking EGF 24 h prior 
to beginning of experiment, which was performed just as cells became 
confluent, 5 days after subculture. Some wells received JME-0.1 % BSA, 
0.4 mM CaC!,, and 0.5 mM EGTA to initiate the experiment. Assay 
was performed as in A. 
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cells in 1 ml of 0.1 N NaOH containing 1% sodium dodecyl sulfate, and 
counting in a gamma counter. Assays were performed in triplicate or 
quadruplicate, and nonspecific binding was determined in wells con-
taining 1 llg/ ml native EGF. Only specific binding is shown in results. 
RESULTS 
Effect of Reduction of Calcium Concentration on Binding of 
f 25I]EGF 
We have previously performed studies of the EGF receptor 
in cultured human keratinocytes subcultured without feeder 
layers in 1.8 mM calcium [7]. The results of binding studies 
using [125I]EGF in culture changed from 1.0 mM calcium or 
higher to very low calcium concentrations (0.1 mM or less) were 
quite different. On treatment of cultured human keratinocytes 
with buffers or medium containing reduced concentrations of 
calcium ion, EGF binding was markedly increased in a t ime-
and temperature-dependent fashion . The time required for the 
production of such changes varied according to the age and 
stratification of the culture and other undetermined factors. In 
some cultures the increase in EGF binding required up to 24 h 
(Fig 1A ), but in others the change was half-maximal after as 
little as 4 h (Fig 1B). Relatively rapid change could be produced 
by incubating cultures in JME medium, then overnight in DME 
medium, before exposure to low calcium concentrations. The 
morphologic change accompanying increased EGF binding 
showed a similar time course. Upper stratified cells were lost, 
cell borders became more distinct, and cells appeared more 
spherical. The viable cells adherent to the culture dish contin-
ued to divide if 0.05 mM calcium ion was present and readily 
returned to their original morphology on readdition of calcium 
at 0.1 mM or higher even after 48 h. 
Increased binding of EGF could be caused by increased 
affinity for EGF or by an increased number of binding sites. 
Binding curves plotted according to Scatchard [13] showed no 
change in affinity after reduction of calcium concentrations 
(Kn = (3.4 ± 1.2) x 10- 9 M in 5 experiments) but as much as a 
6 to 7-fold increase in binding sites, from 2 X 104 to 1.2- 1.4 X 
105 sites per cell. The change in EGF binding was independent 
of the temperature or calcium concentration of the binding 
assay buffer and could be assayed at 4 ·c, 24 ·c, or 37•c. 
Although equilibrium is 70-80% complete by 4 hat 4•C, 16-h 
or 24-h incubations at 4 ·c gave similar results. Identical 
changes in binding and morphology were produced by addition 
of EGTA to medium containing added calcium (Fig 1B ). 
The specificity of the alteration in EGF binding was assessed 
using additional cell surface ligands . As shown in Table I, 
binding of the peptide hormone somatomedin C, the lectin 
concanavalin A, and the beta-receptor ligand pindalol were also 
elevated to varying degrees. The changes were measured under 
conditions in which binding achieved near-saturation and could 
not be accredited to different kinetics of binding for the differ-
TABLE I. Alteration in binding of various ligands after exposure to 
reduced calcium concentrations" 
Medium Fold increase Ligand 
1/2 DME-1/2 F -12 in binding JME 
[ 125l]EGF 3465 ± 286b·' 46753 ± 1935 17.1 
6980 ± 1224d 31407 ± 747 4.5 
_[ 125l]concanavalin A 2325 ± 267 8412 ± 603 3.6 
[ 125l] somatomedin C 575 ± 106 2598 ± ~74 4.5 
[ 125l]pindalol 36407 ± 1805 51169 '± 2116 1.4 
"Binding assays were performed as in Materials and Methods. [1251) 
concanavalin A, 2 x 105 cpm, 1.2 Ci/ J.Lmol ; (125l] somatomedin C, 1 X 
105 cpm, 1.6 Ci/J.Lmol; [125l]pindalol , 1 x 105 cpm, 1.8 Ci/J.Lmol. Nonspe-
cific binding was assessed in the presence of 0.1 M alpha methyl 
mannoside (concanavalin A) , serum from an acromegalic with elevated 
somatomedin-C concentrat ions, or 10-• M propranolol (pindalol). 
b Binding data are given as mean cpm ± SEM. 
' Down-regulated cells. 
d Cells in medium lacking EGF for 2 days prior to experiment. 
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ent ligands. A 17 -fold elevation in EGF binding occurred in 16 
cells previously exposed to EGF, which reduces their ability to 
bind EGF in response to added EGF [7,14]. Cells removed from 
EGF, however, which showed a higher baseline, showed a 4.5-
fold increase, more comparable to the increases for somato-
medin C and concanavalin A. 
Unlike the time course for the production of elevated EGF 
binding, which was variable, as described above, the concentra-
tion of added calcium at which EGF binding is maximum was 
quite stable at 0.02-0.04 mM. (Fig 2). Although the cells studied 
were grown in the presence of cholera toxin (choleragen), the 
presence or absence of choleragen did not affect the nature of 
this response. In cells cultured from foreskins in either the 
absence or presence of choleragen, a peak of EGF binding 
occurs at 0.01-0.04 mM calcium and was lower either in the 
absence of added calcium or with higher concentrations of 
added calcium. The concentration dependence on calcium was 
not different in the presence or absence of 0.1 % BSA. 
Effect of Readdition of Calcium after Elevation of EGF Binding 
Although calcium often decreased EGF binding partially or 
to baseline levels if readded soon after exposure of cells to 
medium lacking added calcium, the elevation in EGF binding 
was partly irreversible after it had become maximal. As shown 
in Fig 3, readdition of CaC12 at a fina l calcium concentration 
of 0.8 mM to cells previously placed in medium lacking added 
calcium promptly reduced EGF binding for up to 9 h after 
exposure to low calcium. By 18 h after exposure to low calcium, 
however, a prompt reduction in EGF binding was no longer 
produced by added calcium. In both situations, morphologic 
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F IG 3. Commitment of keratinocytes to altered binding of [125l)EGF 
after exposure to low calcium concentrations for various periods of 
time. Confluent keratinocytes subcultured without feeder layers in 24-
well trays were incubated in JME-0.1 % BSA for various periods of 
time prior to addition of CaCI. to fina l concentration of 0.8 mM. 
Twenty-four hours after reduction of calcium, cells were assayed for 
[
125I]EGF binding. Symbols show EGF binding after calcium added at 
2 h (e), 4 h (6), 9 h (.&.) , or 18 h (•). 
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FIG 4. [125l]EGF binding with and without added calcium after prior 
0.1 0 2 03 
elevation of binding by reduced calcium concentrations. Keratinocytes 
in 24-well trays were incubated in JME containing 5% Chelex-treated 
fetal bovine serum for 24 h at 37•c and then in JME-0.1 % albumin 
with or without 0.4 mM CaCl2 for designated periods prior to the 
0 4 binding assay.- 0 -,without added CaCl2;- e -,with added CaCI2. 
CaCI 2 ( mM) 
FIG 2. Alteration of [125I]EGF binding at different concentrations 
of calcium ion. Keratinocytes were subcultured to confluence and EGF 
was removed 3 days prior to the experiment, 7 days after plating. 
Medium was changed to JME-0.1 % BSA containing various concentra-
tions of CaCb and binding of [125l)EGF assessed after 24 h at 37•c 
according to Materials and Methods. 
reversion to the appearance in high calcium medium occurred 
within 2 h. The longer-term effect of addition of calcium after 
reversal of"morphologic changes induced by low calcium was 
variable. EGF binding was never decreased to low levels by 
calcium but was often lower than that of cells in medium 
without added calcium, as shown in Fig 4. In this experiment, 
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cells exposed to JME medium with 0.1% albumin for 28 h at 
37oC were t reated with 0.4 mM CaCb (fi nal concent ration). 
EGF binding decreased to about 50% of t hat of cells wit hout 
added calcium but did not decrease fur ther. Viabili ty of the 
culture as a whole was not affected by t hese treatments, al-
though terminally diffe rentiated cells were produced at higher 
calcium concentrations. 
Down Regulation of the EGF Receptor at Reduced Calcium 
Concentrations 
It is important to recognize t hat t hese cells we re originally 
cult ured in t he presence of EGF. Such cells have been shown 
to decrease t he number of EGF receptors at t he cell surface, 
and the decrease persists after removal of EGF from the me-
dium and from t he cell surface. T his has been widely referred 
to as "down regulation" [7,14]. After removal of EGF, down-
regu lated cells later slowly regained t heir abil ity to bind EGF 
even in medium containing physiologic concent rations of cal-
cium, but t he rate of recovery of EGF binding and t he final 
level of binding achieved were irregular and not reproducible 
in such calcium concent rations. We often down-regulated cells 
to fac ilitate demonstration of t he effect of low calcium concen-
trations on EGF binding by producing a low baseline of binding. 
If EGF was removed from the medium fo r 1 or 2 days so t hat 
cells were no longer actively down regulating EGF receptors, 
reduction of calcium concentrations had the same ability to 
elevate EGF binding as in down-regulated cells (see T able I 
and Fig 1); t he increase could be prevented by calcium in eit her 
situation (down-regulated and non-down-regulated cells). Ele-
vation of EGF binding in response to reduced calcium concen-
t rations showed similar kinetics in down-regulated cells and in 
cells not previously exposed to EGF (not down-regulated). 
Binding data fo r Scatchard plots were obtained from cells not 
down regulated. 
We have p reviously demonstrated the ability of keratinocytes 
grown in 1.8 mM calcium to down regulate t he EGF recepto r 
and process EGF to t richloroacetic acid-soluble material by a 
process inhibitable in part by chloroquine, an inhibitor of 
lysosomal enzymes [7]. The EGF used to down regulate kera-
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FIG 5. Concentration dependence of down regulation of EGF recep-
tor by EGF. Cells were treated with JME-0.1% albumin for 24 h and 
then incubated wi th various concentrations of native EGF for 16 h at 
37oC in nut rient medium (112 JME, 1/z Ham's F -12) containing 0.1% 
BSA. To remove bound EGF from the cell surface [7], cells were 
washed 3 times at hourly intervals with 1 ml of the same medium 
lack ing EGF and then assayed for EGF binding for 40 min at 37°C. 
No nspecific binding of 2025 cpm has been subtracted. 
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FIG 6. T ime course of down regulation of EGF receptor by EG F. 
Cells t reated with JME-0.1% BSA for 24 h and then with or without 
30 ng/ml native EGF in triplicate for various times at 37°C. Nonspecific 
binding of 1205 cpm has been subtracted.- e -, with added EGF;- 0 
- , without added EGF. 
t inocytes in such studies is removed eit her by di ssociation or 
by internalization and is no longer present to compete with 
labeled EGF during binding studies. In cells whose EGF binding 
had been previously elevated by t reatment with low calcium 
concent rations, t his ability was markedly enhanced; t he time 
course of down regulation was accelerated and t he degree of 
decrease in EGF binding was greater. Keratinocytes showed 
half-maximal down regulation at 2.5 ng/ml EGF (4.1 X 10- •o 
M) (Fig 5), and down regu lation was maximal after 3 h (Fig 6). 
E ighty percent of t he binding activity was lost. In cont rast, 
previous studies with cells cultured in 1.1 mM calcium showed 
a prolonged t ime course wit h a smaller loss of binding sites, 
but with similar dependence on E GF concent ration. Over the 
t ime course of t he experiment, negligible change in EGF bind-
ing occurred in t he absence of EGF (Fig 6). 
DISCUSSION 
Reduction of calcium concent ration retards different iation 
in human and mouse keratinocytes and produces a higher 
fraction of cell s capable of incorporating ['1H]dThd into DNA 
[2]. The mechanism of t he regulation of di ffe rent iation is 
unknown. Since enhanced sensit ivity to growth regulatory fac-
tors could mediate such an alteration, we studied binding of 
[ 125I]EGF after change to low calcium medium. We found that 
a 5- to 7-fold increase in receptor number as indicated by 
Scatchard plots occurred in a t ime- and temperature-dependent 
process in calcium-free medium or buffer . 
The concent rations of added calcium required to maximize 
E GF binding fell between 10-40 !LM , above which t he increase 
in E GF binding was smaller (Fig 2). That t he change was 
related to calcium concent ration was also shown by t he abili ty 
of EGTA to produce ident ical changes in morphology and EGF 
binding (Fig 1B). 
Culture at reduced calcium concent rations has been shown 
to produce morphologic changes in keratinocytes [2]. Similar 
changes occurred when cells grown in 1.1 mM calcium were 
incubated in calcium-free medium. Two fi ndings indicate t hat 
t he occurrence of the morphologic change alone was not suffi-
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c ient or necessary to produce t he increase in EGF binding. 
F irst, increased binding did not occur at 4 oc or 24 oc, but the 
morphologic change which occurs at reduced calcium concen-
trations was observed at 24°C. Second, if cells whose EGF 
b inding had become maximal at reduced calcium concentra-
tions were t hen exposed to 0.4 mM calcium t he morphologic 
changes reversed completely after 4 h, but EGF binding de-
creased only s lightly (Fig 3,4) . The change in EGF binding was 
not caused by removal of stratified layers, since unstratified 
monolayers exposed to low calcium concentrations also showed 
increased binding. Finally, cells cult ured in 1.1 mM calcium 
s howed increased EGF binding after removal of EGF without 
change in calcium ion concentration, but t he rate and extent 
of t he increase were variable, requiring several days, and were 
opposed by t he tendency of cells to differentiate and lose EGF 
binding. 
Reduction of EGF binding by incubation of cells with EGF 
has been shown by video intensification microscopy using flu -
orescent EGF derivatives [15] and by electron microscopy (16] 
to be associated with clustering of bound EGF. Clustered ligand 
is brought into t he ce ll and degraded in lysosomes. The general 
features of internalization and degradation of EGF have been 
demonstrated in cul tured human keratinocytes (7]. Whether 
t he EGF receptor is degraded or recycled to the cell surface 
after t his internalization and associated down regulation of 
EGF binding is uncertain. 
After exposure of keratinocytes to [125l]EGF, washing of cells 
and incubation in fresh medium results in loss of cell-associated 
radioactivity with a half-life of approximately 1.5 h (7]; cell 
surface ligand, which is rapidly internalized, is probably lost 
much more rapidly, as in fibroblasts, alt hough this has not 
been documented in human keratinocytes. Nevertheless, bind-
ing sites for EGF remai n reduced and later slowly increase over 
a period of 2- 4 days. This process occurs at calcium concentra-
tions of 0.3-1.8 mM in human keratinocytes (data not shown). 
This process is t hought to represent synthesis of new receptors 
(17]. 
In cells (a) t hat have been exposed to EGF just prior to the 
beginning of t he experiment, or in cells (b) removed from EGF 
for 24 h but whose EGF receptor level is only part ially raised, 
display of receptors at t he cell surface associated with reduction 
of medium calcium can be prevented by readdition of calcium. 
After more t han 24 h at reduced calcium concentrations, EGF 
receptors apparent ly remain displayed at high or only partially 
reduced levels even if calcium concentrations are increased. 
Since cells in reduced calc ium concentrations did not decrease 
EGF binding promptly in response to calcium, modulation of 
t he EGF receptor may not be one of the primary signals by 
which increases in environmental calcium effect differentiation 
in keratinocytes. As keratinocytes differentiate, however, EGF 
binding falls, and terminally differentiated cells no longer bind 
sign ificant amounts of EGF. 
Two t umorigenic kerati nocyte lines, A-431 and PAM 212, 
were tested for t heir ability to modulate EGF binding in re-
sponse to reduced calcium. Both failed to do so, with or without 
prior exposure to EGF. Holley et a! described enhanced EGF 
binding in a kidney epit helial cell line, BSC-1, after exposure 
to calcium- free buffers (18]. Although we saw a slight morpho-
logic change in calcium-free medium, we could detect no change 
in EGF binding in t his line with or without prior down regu-
lation. It will be important to determine whether loss of regu -
lation of surface characteristics by calcium corresponds with 
t umorigenici ty. The BSC-1 cells we tested may have lost their 
responsiveness after prolonged· culture. 
The nature of the membrane alteration at reduced calcium 
concentration and its physiologic significance are uncertain. 
We find that alterations in binding of other cell surface ligands 
occurs, indicating a generalized change, not a spec ific change 
in EGF binding. A gross alteration in t he cell shape is visible 
CALCIUM AND EGF RECEPTORS 235 
by phase contrast microscopy, so some generalized change in 
surface characteristics is to be expected. Furt hermore, the 
increased binding of concanavalin A suggests a generalized 
increase in membrane glycoproteins. These findings do not 
argue for or against physiologic significance of t he changes 
found in EGF binding; t he significance remains unknown. First, 
t he concent rations of calcium at which EGF binding is maximal 
may not correspond with those associated with optimal growth. 
At 0.06 mM calcium or higher, EGF binding elevation is pre-
vented, but growth of human keratinocytes may be optimal at 
or above t his concent ration and differe ntiation suppressed. 
Second, at very low calcium concentrations (0.02 mM) extensive 
vesiculation is visible in some keratinocytes, suggesting toxic-
ity. (Viabili ty is not affected, however, since the cult ures con-
t inue to proliferate and will revert to t heir original morphology 
promptly on readdi tion of calcium. ) Nevertheless, the ability 
of calcium ion concentrations to modulate display of the EGF 
receptor and other proteins at t he cell surface suggests a regu-
latory role. It will be important to relate calcium concentrations 
to biochemical actions of EGF to determine the physiologic 
sign ificance of calcium-induced modulation of EGF receptors. 
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